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Abstract : Thin film of Tin sulfide (SnS) have been deposited on glass 

substrates by means of thermal evaporation technique at two exeptional 

annealing temperatures100 and 200 ºC. (XRD) results confirmd that the 

crystalline dimension extended from (28 to 31) nm as the  temperature 

of  annealingincreased, and this agrees with (SEM) and (AFM) results. 

The optical measurements verfide that the energy reduce from about  

(2.45 to 2.30)  electron volt  with increasing the  temperature of  

annealingdue to Burstein–Moss effect. Al/SnS/n-Si/Al photodetector 

was fabricated and annealed at exceptional temperatures 100 and 200 

ºC in order to find out about the effect of annealing on the performance 

of the photodetector such as: the forward and reverse bias (I-V), 

capacity-voltage (C-V) characteristics, and responsivity. The out comes 

confirmd that the dark current in forward and reverse bias of Al/SnS/ 

Si/Al photodetector improved with increasing annealing temperature, 

also the C-V characteristics showed that the built-in potential increased 

when the  temp. of  annealingincreas and hence,the responsivity 

increased when the  temperature of  annealingincreased and 

consequently the responsivity increased. 

Keywords: Tin sulfide, Thin films, annealing, SEM, energy gap,  

photodetector. 

_____________________________________________________________________________________________ 

 

I. Introduction 

Optical sensors, a category of optical units that 

measure photovoltaic energy through 

converting falling light into currents or 

voltages, are extensivly used as an essential 

part of spectroscopy, imaging, biological 

science and night vision [1–6]. Photovoltaic 

devices can almost be categorized as large-

scale broadband or selective selectors, such as 

Si and InGaAs, which respond to energy-

powered photons higher than their difference 

gaps[7,8]. Selective photodetectors, also 

known as narrowband photodetectors, are 

designed to detect light at a specific wave-

length and generally are applied for 

biomedical imaging and safety surveillance 

[9]. Both broadband and selective properties 

are required to build optical detectors which 

show a good optical response to a broade 

spectrum and are still spectrally distinctive. 

Tin sulfide thin films (SnS) have a great 

potential in solar cells  due to their high 

absorption (> 104cm-¹) and their conductivity 

[10]. Tin sulfide belongs to groups (IV and 

VI) compounds formed withSn and S. SnS is 

an important optoelectronic material that is 
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found in zinc blende with lattice constant 

(a=0.58 nm ) [11], orthorhombic with lattice 

constants (a = 0.385 nm, b = 1.142 nm c = 

0.43 nm ) [12] crystal structures.The optical 

properties of SnS vary depending on the 

preparation process, but nearly all works agree 

with direct band gap (1.20–1.50) eV  and 

indirect band gap (1.0– 1.20) eV values. These 

properties permit the use of SnS thin films as 

an absorption layer in the fabrication of 

heterojunction solar cells[13].Tin sulfide  thin 

films can be prepared by different methods 

such as thermal evaporation, pulse 

electrodeposition ,SILR ,electron-beam 

evaporation and chemical bath deposition [14–

17]. In this article, the effect of annealing at 

100 and 200 oC temperatures on SnS thin 

films and the performance of SnS-

basedAl/SnS/n-Si/A hetrojunction photo-

detector with Al electrodes has been 

investigated. 

II.Experimental work 

SnS thin films were deposited on glass and 

n-Si substrates by thermal evaporation  with a 

rate of deposition is 40 nm/s at room 

temperature.The distance between the source 

and substrate was maintained at 6.5 cm; the 

film thickness was found to be about 100 nm. 

The samples were annealed at 100°C and 

200°C for 2hours in a high vacuum coating 

unit at a vacuum about 1.33 x 10-2Pa. XRD 

was used to study the structure and 

crystallinity of the deposited films. Scanning 

electron microscope (SEM) (T-scanVega III 

Czech) and atomic force microscope (AFM) 

(AA 3000scanning probe microscope) was 

employed to study the films morphology. SnS/ 

Si heterojunction photodetector was fabricated 

by using aluminium as an ohmic contacts. For 

current-voltage measurements, a UNI-T-

UT33C digital electrometer, (Tektronics CDM 

250 multimeters and Laboratory compact 

power supply unit) were used. Capacitance 

measurement as a function of reverse voltage 

(C-V) for Al/SnS/ Si/Al structure was carried 

out using LCZ meter at a frequency of 100 

kHz. The measurement of the spectral 

responsivity was performed using a 

monochromator  operating within the wave-

length range of 400 to 900 nm. 

1. Results and discussion 

Fig. 1. Which indicates that the films have 

orthorhombic crystal structure are well 

compotablel with the aforementioned structure 

[18,19]. Radiation diffraction peaks  at angles 

of  26.14o and 32.12o corresponding to (021) 

and (111) planes, respectively. These peaks 

were in compliance with(JCPDS card 33-

1375) standard values. From Fig.1, it is 

noticed that the peak intensity (021) increases 

with the  temperature of  annealingincreases 

from 100 to 200°C. This confirms  the 

dependence of crystallization on the annealing 

temperature.This observed growth in peak 

intensity is an evidence of the dependence of 

prepared samples crystallinity on annealing 

temperature. The film inhanced  with 

increasing the  temperature of  annealingsince 

the film exhibits better crystallinity and 

increased grain size, while the film heat-

treated at the lower  temperature of  

annealingexhibits poor crystallinity. The size 

of crystallite has been calculated using the 

Scherrer formulaas in equation (1) [20] and it 

was found equal to 28 nm and 31nm for the 

films annealed at 100 and 200 °C. 

respectively: 

  

where: λ is the XRD wave-length in Å, is 

FWHM in radian and θ is the diffraction angle 

of the XRD peak in degrees. 
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The investigation by SnS films showed that the 

tin and sulfur content in films varied gradually 

with annealing temperature.The annealed films 

maintained their initial stoichiometric 

composition of tin monosulphide. Annealing at 

200 °C caused an increase in the tin fraction in 

the films, probably because more sulphur was 

lost during annealing at higher temperatures but 

at lower annealing temperature, the grown 

films were sulfur rich. Fig. 2 shows SEM 

images reveal granule growth, which is a 

multiple random-oriented distribution, and the 

growth of multi-twin grains pills randomly.  

 

Through a microscopic image, the size of the 

granuals is clearly increased by increasing the 

annealing temperature, this makes the films 

surface more homogeneous with better 

coverage and reduced porosity.The SEM 

images confirm the formation of well-defined 

SnS granules with a diameter of approximately 

1 µm in the films  annealed at 100 oC and 

approximately 10µm for those annealed at  at 

200 oC. 

  

.
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The sizes of the particles visible in the SEM 

images are much greater than the particle sizes 

measured by AFM due to agglomeration effect, 

as shown in Fig. 3. Two and three dimensional 

AFM images of the tin sulfide thin films that 

thermal annealed  were shown in Fig.3. It was 

found that the  average grains diameter and 

RMS values of surface roughness increase with 

increasing annealing temperature, which is in 

consistent with SEM results. The variations of  

size of grainand surface roughness with 

annealing temperat are listed in Table 1. The 

average surface roughness was measured to be 

less than 5nm (1.24 and 2.14)nm. This reduces 

light reflection, but increases light absorption in 

the visible range of cells spectrum and 

photodetectors.  

 

 

 
 

 

 
 

The optical energy gap for the SnS films has 

been investigated from the transmission spectra, 

with wave-length between 350 to 1100 nm. As 

shown in Fig. 4, films clearly have good 

transmittance characteristics and show a 

decrease in absorbance after annealing at 100oC 

and 200oC, respectively. This is due to the 

growth in  size of grain and the decrease in the 

number of faults.Fig. 5 shows the determination 

of the (Eg) of SnS thin films estimated from the 

100 0C 
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relation of (αh)2 versus h plot (where α is the 

absorption coefficient). By extrapolating the 

linear portion of the curve to the photon energy 

axis, the energy gap value is found to be 2.39eV 

and 2.6eV at 100oC and 200oC, respectively. 

The increase in the value of Eg can be attributed 

to the fluctuation of absorption edge, which is 

due to the energy band structure and the 

variation of density of state to the energy level. 

The poor crystallization of films may also 

increase the values of optical band gaps. 

 

 
 

 

     
   Fig.6 illustrates the results obtained from the 

dark current-voltage (I-V) measurements in 

reverse and forward direction for the Al/SnS/ 

Si/Al photodetector.The figure shows that the 

dark current in the forward direction for the 

photodetector that was annealed at 200 oC is 
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four times higher than that of the 

photodetector annealed at 100 oC and this 

attributed to decrease the energy gap after the 

annealing progress. 

 

.  

 
 

R()Spectral responsivityis an important 

factor that determines the appropriateness  of 

the detector signal for application [21]. Fig.7 

shows the R()of Al/SnS/n-Si/Al photodetector 

annealed at 100oC and 200oC in the wave-length 

range of 400 –900nm under applying a bias 

voltage of 5 V,which is calculated by following 

equation [22,23] : 

𝑅() =  
𝐼𝑝ℎ 

𝑝𝑖𝑛
                                   (2) 

 

 

The figure shows that the optimum spectral 

responsivity value of 0.89A/W appears at 850nm 

at an  temperature of  annealingof 200oC.  

 
Fig.7: Spectral responsivity of SnS/ Si photo-detectors at different annealing 

temperatures. 
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The C-V measurement is useful to determine 

the type of the heterojunction (abrupt or 

graded), built-in potential (Vbi) which is the 

lowest energy required to cross the electron 

from SnS to n-Si (as in this work, the 

heterojunction is abrupt). From measuring the 

capacitance of (SnS/Si) for the annealed hetro-

junction with 100 oC and 200 oC, as a function 

of reverse bias, the value of Vbi can be found 

from plots the relation between 1/C2 and 

reverse bias as shown in fig. 8. The intercept of 

a straight line with a voltage-built-in voltage 

axis (VBI) was found to be about 0.8volts in 

order for plasticization hetrojunction with 100 ° 

C and 0.4 volts for steel with 200 ° C, which 

means that the steel improves and hetrjunction 

properties. 

 

 

4. Conclusions 

The influnce of temp. on the structural, 

morphological and optical properties of SnS 

thin films prepared by thermal evaporation 

had been investigated. The results of XRD 

indicated that the films had preferred (021) 

and (111) orientation.It was observed that the 

intensity of (021) peak becomes  longer  when  

temp. of  annealing increased from 100 to 

200°C. The  temperature of  annealingalso 

impacted the morphological properties of the 

thin films, the surface roughnessincreased 

with increasing  size of grainas the  

temperature of  annealingincresed. Current-

voltage characteristics and spectral 

responsivity of Al/Sns/ Si/Al improvedas the  

temperature of  annealingincreased 

 

REFERENCES 

1. A. Akkari, C. Guasch and N.Kamoun-Turki. 

(2010). Fabrication of the SnS/Zno 

hetrojunction for pv Application. 

J.AlloyCompd., 490, 180–183. 

2. Ahmed N. Abd, Wasna’a M. Abdulridha and 

Mohammed O. Dawood. (2016). Effect of 

SnS thin film on the performance of porous 

silicon photodiode. International Letters of 

Chemistry, Physics and Astronomy, 63, 67–

76. 

3. B. Ghosh, R. Bhattacharjee , P.Benerjee,S. 

Das. (2011). Single-Source organometallic 

chemical vapour deposition of sulfide thin 

films'. Appl. Surf. Sci., 257, 3670. 

4. Abd A, Habubi N & Raid A Ismail, J Mater 

Sci Mater Electron, 25 (2014) 3190. [5] 

V.Agrawal, J.A.del Rio; Appl.Phys.Lett., 

82(10),1512 (2003). 



 

March - April 2020 
ISSN: 0193-4120 Page No. 10425 - 10432 

 
 

10432 Published by: The Mattingley Publishing Co., Inc. 

5. Nadir F.Habubi1*, Raid A.Ismail2, Ahmed 

N.Abd (2014); Synthesis and 

characterization of nano crystalline porous 

silicon layer for solar cells applications. 

6. Nadir F. Habubi • Ahmed N. Abd • 

Mohammed O. Dawood • A. H. 

Reshak(2016): Fabrication and 

Characterization of a p-AgO/PSi/n-Si 

Heterojunction for Solar Cell Applications. 

7. Aseel M. Abdul Majeed, Ahmed N. Abd,  

Ali A. Hussein, Nadir F. Habubi, 

“Fabrication and Characterization of Copper 

Oxide anoparticles/PSi Heterodiode”, 

International Letters of Chemistry, Physics 

and Astronomy, 2015  

8. Ahmed N.Abd, Nadir F. Habubi, Ali H. 

Reshak and Hazim L. Mansour, Enhancing 

the Electrical Properties of Porous Silicon 

Photodetector by Depositing MWCNTs, 

International Journal of Nanoelectronics and 

Materials , Volume 11, No. 3, July 2018 

[241-248].  

9. Majid H. Hassoni, Wisam J. Aziz, Ahmed 

N. Abd, Nadir F. Habubi , Inv-ention and 

escription of p-CuO /n-Si (200 oC) 

Heterojunction for Photodiode Appli-

cations, Journal of Global Pharma 

Technology (2019) Vol. 11, Issue 02 

(Suppl.) 601-606.J.B Johnson, H. Jones, B.S 

Latham, J.D Parker, R. D Engelken and C. 

Barber. (1999). Synthesis and 

characterization of co-evaporation tin 

sulphide. Semicond Sci.Technol., 14, 501–

507. 

10. Kang YM, Liu HD, Morse M, Paniccia MJ, 

Z. M. et al. (2009). Monolithic germanium 

/silicon avalanche photodiodes with 340 

GHz gain-bandwidth product. Nat Photonics 

2, 3, 59–63. 

11. Kim S, Lim YT, Soltesz EG, De Grand AM, 

L. J. et al. (2004). Near-infrared fluorescent 

type II quantum dots for sentinel lymph 

node mapping. Nat Biotechnol, 22, 93–97. 

12. Konstantatos G and Sargent EH. (2010). 

Nanostructured materials for photon 

detection. Nat Nanotechnol, 5, 391–400. 

13. Konstantatos G, Howard I, Fischer A, 

Hoogland S, C. J. et al. (2006). 

Ultrasensitive solution-cast quantum dot 

photodetectors. Nature, 442, 180–183. 

14. M.Devika, N. Reedy, K.Ramesh, 

K.Gunasekhar, E. Gopal and K.Reddy. 

(2006). Influance of annealing on physical 

properties of evaporated SnS films. 

Semicond.Sci, Technol., 21, 1125–1131. 

15. McClintock R, Yasan A, Mayes K, Shiell D, 

D. S. et al. (2004). High quantum efficiency 

AlGaN solar-blind p-i-n photodiodes. Appl 

Phys Lett, 84, 1248–1250. 

16. N. Sato, M. Ichimura, E.Araia, Y.Yamazaki. 

(2005). Tin sulphide thin films by pulse 

electro deposited. Sol. Energy Mater.Sol. 

Cells, 85, 153. 

17. Peacock A, Verhoeve P, Rando N, van 

Dordrecht A, T. B. et al. (1996). Single 

optical photon detection with a 

superconducting tunnel junction. Nature, 

381, 135–137. 

18. Rogalski A., Antoszewski J., and F. L. 

(2009). Third-generation infrared 

photodetector arrays. J Appl Phys, 105. 

19. Roorda A. and Williams DR. (1999). The 

arrangement of the three cone classes in the 

living human eye. Nature, 397, 520–522. 

20. S. Cheng, Y. C. Huang, G. Chen. (2006). 

Influence of substrate temperature on 

surface strcture and electrical resistivity of 

the evaporated tin sulphide films. Thin Solid 

Films, 500, 96–100. 

21. Y. An, H. Rao, G. Bosman, and A. Ural. 

(2012). Characterization of carbon nanotube 

film-silicon Schottky barrier photodetectors. 

J. Vac. Sci. Technol. B Microelectron. 

Nanom. Struct., 30(2). 

 


